The present study comparatively analyzed the blood glucose and insulin concentration, 21 the temporal and spatial expression of brain-gut peptides and the key enzymes of 22 glycolysis and gluconeogenesis in Japanese flounder by intraperitoneal (IP) injection 23 and oral (OR) administration of glucose. Samples were collected at 0, 1, 3, 5, 7, 9, 12, 24 24 and 48h after IP and OR, respectively. Results showed that the hyperglycemia lasted 25 5 hours and 21 hours in OR and IP group, respectively. The serum insulin 26 concentration significantly decreased (1.58±0.21mIU/L) at 3h after IP glucose.
2.6. Tissue distribution of the selected brain-gut peptides 142 Tissue distributions of the selected brain gut peptides were detected in stomach, 143 gill, spleen, muscle, brain, liver, kidney, intestine and eye by semi-quantitative 144 RT-PCR. Specific primers for peptides and β-actin (reference gene) were shown in 145 Concentrations of glucose in serum reached the peak (20.06±1.92mM) at 5h after 187 the IP injection of glucose, which was about 28 times as high as that at 0h 188 (0.71±0.25mM) ( Figure 2A ). From the 5h to 24h after injection, the blood glucose 189 decreased to 7.40±5.47mM. There was no significant difference in blood glucose 190 between the time point of 0h and 24h (Figure 2A ). After injection of glucose, the 191 insulin concentration in serum was decreased to the lowest value (1.58±0.21mIU/L) at 192 3h ( Figure 2B ). After that, it grew gradually to the normal value at 24h 193 (3.03±0.006mIU/L) as that at 0h (3.20±0.18 mIU/L).
194
After oral administration of glucose, blood glucose concentration had rapidly 195 increased at 3h (1.90±0.23mM), and it was higher than those at the other time points.
196
After the 3 rd hour, the blood glucose concentration decreased gradually ( Figure 2C ).
197
The serum insulin concentration increased from 2.36±0.21mIU/L (0h) to Results of the gene distribution and expression are shown in Figure 3 and Table 1 .
202
The relative expressions of prosomatostatin (Pro-SS) and orexin precursor (Pro-OX) in 203 brain were relatively higher than that in the other analyzed tissues including stomach, 204 gill, spleen, muscle, liver, kidney, intestine and eyes. Gastrin was mainly expressed in 205 intestine ( Figure 3 ). NPY, CCK precursor (Pro-CCK), Preprovasoactive intestinal 206 peptide (Pro-VIP) and PACAP were detected in many tissues ( Figure 3 ). Relative 207 expression of NPY had the highest value in brain, and followed by the eye, gill and 208 spleen. Relative expression of Pro-CCK was up to maximum in brain, followed by the 209 intestine and stomach. The expression of Pro-VIP was relatively high in intestine, but 210 low in brain, stomach, gill, spleen and eyes. The PACAP had the highest expression in 211 intestine, then brain. Pro-SS were significantly increased, then it was not significantly differed from that at 218 0h at the others time points. In the group of IP PBS, there were no significant different 219 in mRNA levels of Pro-SS among all the time points ( Fig.4A ).
220
After oral glucose administration, Pro-SS mRNA levels were significantly 221 up-regulated at the time point of 3h and 5h (Fig.4B ). The NPY mRNA levels were 222 significantly increased only at 3h after IP and 5h after OR glucose ( Fig.4C, 4D ). The 223 cholecystokinin precursor (Pro-CCK) mRNA levels were significantly increased only 224 at 5h after IP and 3h after OR glucose ( Fig. 4E, 4F ). The Pro-OX mRNA levels 225 significantly decreased at all the time points after IP glucose. However, there were no 226 significant differences among all the time points after OR glucose ( Fig.4G, 4H ). in Figure 5 .
230
There were no significant differences in gene expressions of preprovasoactive 231 intestinal peptide (Pro-VIP), PACAP and gastrin among all the time points after IP 232 glucose.
233
There was only one time point after OR glucose at which that the expressions of 234 these three genes were significantly higher than that at 0h. The time point was 1h, 3h 235 and 1h, respectively. There were no significant differences between the rest time points 236 and 0h. The expression of brain-gut peptides gene in brain and intestines of Japanese 239 flounder by different ways of glucose administration was analyzed on heatmap ( Fig.6 ).
240
As shown in Figure 6 , it consists of two treatment groups: intraperitoneal injection Results of the gene expression of GK and FBPase in liver after glucose 250 administration are shown in Figure 7 . The fish showed the highest GK mRNA level 251 after IP and OR glucose at 5h and 3h, respectively ( Fig.7A, 7B ). The FBPase mRNA 252 level significantly decreased at 5h and 3h after IP and OR glucose, respectively. And 253 then increased at 24h and 12h, respectively, and had no significant differences with that 254 at 0h. The changes of liver glycogen contents are shown in Figure8. In the IP glucose 257 group, liver glycogen content decreased at 3h and increased after 5h. And the 258 significant highest value was found at 9h. In the OR glucose group, the highest value 259 10 of liver glycogen content was found at 5 h. By contrast, the liver glycogen contents in 260 the PBS groups showed no significant differences among all the time points. The present study showed that the blood glucose content of Japanese flounder 265 reached its peak (20.06±1.92mM) at 5h after intraperitoneal injection of glucose suggested that the sensitivity of these hormones in the brain was different. This also 322 shows that in the period of blood glucose raised by IP injection glucose, the hormones 323 play different roles. Combining the function of these hormones in mammal, it was 324 suggested that insulin declined at 3h after IP injection glucose administration could be 325 relevant to these hormones.
326
The gene transcript of Pro-SS and NPY was up-regulated at 1h and 3h, and gastrin ( Fig 9A) .
337
In OR glucose group, glucose enters into gastrointestinal tract, while parts of glucose-dependent insulinotropic polypeptides, glucagon-like peptide-1, gastrin, etc.
350
As the intestinal signals, it can stimulate insulin secretion before glycemia appears to 351 align the body absorbed nutrient.
352
In mammals, SS，NPY，CCK，OX，VIP，PACAP and gastrin belong to the 353 brain-gut peptide hormones, and they can be found in the brain and intestines. In the 354 present study, only the Pro-CCK, Pro-VIP and PACAP were found both in the brain 355 and intestine. The expressions of Pro-SS and Pro-OX were only detected in the brain.
356
And the expression of gastrin was only found in the gut. This could be due to the less 357 secretion of these hormones. Anyway, it was confirmed that the brain-gut peptides and 358 their gene expression were detected in brain and gut. This could support the hypothesis 359 of brain-intestine connection in Japanese flounder. In mammals, the function of CCK 360 in the gut is to control the release of pancreatic enzyme and gallbladder contraction.
361
It acts as a neurotransmitter, which can control feeding, analgesia, blood pressure, 
366
The reason could be that in the early stage of glucose administration, the blood 367 glucose increased sharply. It could cost large number of insulin original in the body. At 368 the same time, the insulin secretion stimulating by glucose administration could be less 369 than the costing. So the serum insulin concentration declined sharply.
370
The insulin content in group of IP glucose as a whole tends to increase after 3h, 371 but it does not exceed value at 0h. The result, with the value higher than that at 0h, is 372 different from that in OR group. This may in that the apoptosis of β-cell leads to the 373 decrease of the function of insulin 374
In my experiments, serum insulin will increase with blood glucose rise. Therefore, 375 we can get a conclusion that insulin changes are the result of a combination of blood 376 glucose and brain-gut peptides. increased after 5h. And the significant highest value was found at 9h. In the OR 410 glucose group, the highest value of liver glycogen content was found at 5 h. The liver 411 glycogen content reached their maximum behind the occurrence of blood glucose peak.
Metabolism responses of the glycolysis and gluconeogenesis in liver

412
This is an evidence for Japanese flounder to turn glucose into glycogen. It could be a 413 strategy to ease the stress of high blood glucose in Japanese flounder.
414
In the present study, when the blood glucose concentration peaked in both IP and 415 OR group, the GK was stimulated and the FBPase was depressed. This could be the 416 responses to decrease the hyperglycemia. In the IP glucose group, liver glycogen 417 content decreased at the 3h, then went up at the 5h, peaked at the 9h. In the OR glucose 418 group, the highest value of liver glycogen content was found at the 5h. It is obviously 419 that the time of glycogen synthesis and reaching peak was later than those of 420 hyperglycemia. It is suggested that organism reduces blood glucose by glycogen 421 synthesis.
422
The function of insulin in glucose metabolize is through insulin receptor 
435
In conclusion, in the present study, brain-gut peptides were confirmed in the 436 present study. And the serum insulin and the brain-gut peptides have different 437 responses between the IP and OR administration of glucose. A negative feedback 438 mechanism in the insulin-regulated glucose homeostasis was suggested in Japanese 
Figure legends
686
Values sharing a common superscript letter were not significantly different. 
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